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© Differential amplifier with common-mode stability enhancement 



© A differential amplifier (60, 60*) enhances 
common-mode stability by making two nodes (86, 
87) of a first stage low common-mode impedance 
nodes and thus shifting a common-mode dominant 
pole from the two nodes (86, 87). The first stage 
includes an input portion (80, 80') and a differential 
load (110, 1 10'). The input portion (80, 80') provides 
first and second currents respectively to the differen- 
tial load (110, 110') in response to a differential input 



voltage. The first and second currents have a dif- 
ferential component and a common-mode compo- 
nent. The differential load (110, 110') converts the 
differential and common-mode components of the 
first and second currents into differential and 
common-mode voltages, respectively, and provides 
a high impedance to the differential component and 
a low impedance to the common-mode component. 
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Field of the Invention 

This invention relates generally to amplifiers, 
and more particularly, to differential amplifiers with 
common-mode feedback. 

Background of the Invention 

tn analog circuitry, signals are often represent- 
ed as differential voltages. A differential signal may 
be characterized as having a differential component 
and a common-mode component. A differential am- 
plifier is very useful in processing differential signal 
voltages. If the differential amplifier also provides a 
differential output signal, it is known as a fully 
differentia! amplifier. The fully differential amplifier 
needs a mechanism to set the common-mode volt- 
age to a desired reference voltage, such as an 
analog ground voltage, typically designated "V AG ". 
This mechanism is commonly a circuit which 
senses the common-mode component of the fully 
differential output signal, and provides a feedback 
signal to the amplifier proportional to the sensed 
difference between the two signals. This common- 
mode feedback mechanism thus prevents the 
common-mode voltage from drifting away from the 
desired reference voltage. 

Known differential amplifiers are able to func- 
tion with characteristics close to those of ideal 
voltage amplifiers, by having high input impedance, 
low output impedance, and stable frequency re- 
sponse. For some circuit applications, however, 
amplifier operation may become unstable. For ex- 
ample, some common-mode feedback circuits 
cause a node in the feedback circuit to compete 
with the output nodes of the amplifier gain stages 
as the dominant pole of the amplifier, causing 
instability in known amplifiers. Thus, new amplifiers 
are needed for this and other instability problems. 

Summary of the Invention 

Accordingly, there is provided, in one form, a 
differential amplifier with common-mode stability 
enhancement comprising input means, differential 
load means, and means for providing first and 
second output voltages. The input means provides 
first and second currents respectively into first and 
second nodes. Differential components of the first 
and second currents are respectively proportional 
to positive and negative differences between first 
and second input signals. A common-mode com- 
ponent of the first and second currents is propor- 
tional to a common-mode feedback signal. The 
differential load means is coupled to the input 
means. The differential load means converts the 
differential and common-mode components of the 
first and second currents into differential and 



common-mode voltages at third and fourth nodes, 
respectively. The differential load means also pro- 
vides a high impedance to the differential compo- 
nent and a low impedance to the common-mode 

5 component. The means for providing the first and 
second output voltages is coupled to the input 
means and to the differential load means, and 
provides the first and second output voltages re- 
spectively proportional to voltages at the third and 

io fourth nodes, and provides the common-mode 
feedback voltage in response to a difference be- 
tween a reference voltage and a sensed common- 
mode component of the first and second output 
voltages. 

75 These and other features and advantages will 

be more clearly understood from the following de- 
tailed description taken in conjunction with Jhe ac- 
companying drawings. 

20 Brief Description of the Drawings 



FIG. 1 illustrates in partial schematic form a 
differential amplifier with common-mode feedback 
known in the prior art. 

25 FIG. 2 illustrates in partial schematic form one 
embodiment of a differential amplifier with 
common-mode stability enhancement in accor- 
dance with the present invention. 

FIG. 3 illustrates in partial schematic form an- 

30 other embodiment of a differential amplifier with 
common-mode stability enhancement in accor- 
dance with a preferred embodiment of the present 
invention. 

35 Detailed Description of the Invention 

FIG. 1 illustrates in partial schematic form a 
differential amplifier 20 with common-mode feed- 
back known in the prior art. Differential amplifier 20 

40 includes generally a differential portion 30 and a 
common-mode feedback circuit 50. FIG. 1 also 
illustrates a common-mode capacitor 55 and a 
differential-mode capacitor 56. Differential portion 
30 includes a current source 31, an N-channel 

45 transistor 32, a capacitor 33, P-channel transistors 
34, 35, and 36, current sources 37, 38, and 39, an 
N-channel transistor 40, and a capacitor 41. Cur- 
rent source 31 has a first terminal connected to a 
power supply voltage terminal labelled "Vcd", and 

so a second terminal providing a negative output volt- 
age signal labelled m V 0 ut~ m V dd is a more-positive 
power supply voltage terminal and is typically at 
five volts. Transistor 32 has a drain connected to 
the second terminal of current source 31, a gate, 

55 and a source connected to a power supply voltage 
terminal labelled "Vss"- V ss is a more-negative 
power supply voltage terminal and is typically at 
zero volts. Capacitor 33 has a first terminal con- 
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nected to the second terminal of current source 31 , 
and a second terminal connected to the gate of 
transistor 32. Transistor 34 has a source connected 
to V DD , a gate for receiving a common-mode feed- 
back signal labelled "V C mfb" and a drain. Transistor 
35 has a source connected to the drain of transistor 
34, a gate for receiving a negative input signal 
voltage labelled "V| N _ n , and a drain connected to 
the second terminal of capacitor 33. Transistor 36 
has a source connected to the drain of transistor 
34, a gate for receiving a positive input signal 
voltage labelled "V IN+ ", and a drain. Current source 
37 has a first terminal connected to the drain of 
transistor 35, and a second terminal connected to 
V ss - Current source 38 has a first terminal con- 
nected to the drain of transistor 36, and a second 
terminal connected to Vss- Current source 39 has a 
first terminal connected to V DD , and a second ter- 
minal for providing a positive output signal labelled 
"Vout+ Transistor 40 has a drain connected to 
the second terminal of current source 39, a gate 
connected to the drain of transistor 36, and a 
source connected to V ss . Capacitor 41 has a first 
terminal connected to the drain of transistor 36, 
and a second terminal connected to the second 
terminal of current source 39. 

Common-mode feedback circuit 50 includes re- 
sistors 51 and 52, and an amplifier 54. Resistor 51 
has a first terminal for receiving signal n V 0 uT+ rt , 
and a second terminal for providing a sensed 
common-mode voltage labelled "V CM " Resistor 52 
has a first terminal connected to the second termi- 
nal of resistor 51, and a second terminal for receiv- 
ing signal V 0 ut-- Amplifier 54 has a positive input 
terminal for receiving a reference voltage labelled 
"Vcmref". a negative input terminal connected to 
the second terminal of resistor 51 and receiving 
signal V CM thereon, and an output terminal con- 
nected to the gate of transistor 34 and providing 
signal V CMFB thereon. Common-mode capacitor 55 
has a first terminal connected to the second termi- 
nal of resistor 51, and a second terminal connected 
to V S s- Differential-mode capacitor 56 has a first 
terminal connected to the drain of transistor 40 for 
receiving signal V 0 ut+ thereon, and a second ter- 
minal connected to the drain of transistor 32 for 
receiving signal Vqut- thereon. 

Here and in the following discussion, all tran- 
sistors are assumed to be biased into saturation. 
Differential portion 30 is a standard, Miller-com- 
pensated two-stage fully differential amplifier with 
common-mode feedback. Differential portion 30 
has two voltage gain stages with high-impedance 
outputs. The first stage includes transistors 34, 35, 
and 36 and current sources 37 and 38, providing 
outputs at the drains of transistors 35 and 36. 
Transistor 34, biased by voltage V C mfb, functions 
as a controlled current source. Transistors 35 and 
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36 selectively divert the current provided by tran- 
sistor 34 in response to a differential voltage be- 
tween V| N+ and V, N -. The second stage includes 
current sources 31 and 39, and transistors 32 and 
5 40, providing outputs at the drains of transistors 32 
and 40. 

Resistors 51 and 52 are equal-valued resistors 
which sense the common-mode between signals 
V 0 im and V OUT - as voltage V CM . Voltage V CM is 

io provided to the negative input terminal of differen- 
tial amplifier 54. Differential amplifier 54 receives 
Vcmref at the positive input terminal. Amplifier 54 
changes its output V CMFB in response to a dif- 
ference between the voltages present at its inputs. 

75 Each stage introduces a pole in the frequency 

response of differential portion 30. Capacitors 33 
and 41 are connected between the high-impedance 
outputs of the two stages to stabilize the operation 
of differential portion 30. Both the differential-mode 

20 and the common-mode dominant poles are at the 
outputs of the first stage (at the drains of transis- 
tors 35 and 36), and both the differential-mode and 
the common-mode secondary poles are at the out- 
puts of the second stage. However, in some cases, 

25 common-mode capacitor 55 is much larger than 
differential-mode capacitor 56. As the value of 
common-mode capacitor 55 becomes large in rela- 
tion to the value of differential-mode capacitor 56, 
the secondary common-mode pole (at the drains of 

30 transistors 32 and 40) begins to compete with the 
dominant common-mode pole (at the drains of tran- 
sistors 35 and 36), causing common-mode instabil- 
ity. Thus when the value of common-mode capaci- 
tor 55 is large, it is difficult to stabilize the 

35 common-mode operation of differential portion 30 
while maintaining wide common-mode bandwidth. 
For this and other problems, new amplifiers are 
needed. 

FIG. 2 illustrates in partial schematic form one 

40 embodiment of a differential amplifier 60 with 
common-mode stability enhancement in accor- 
dance with the present invention. Differential am- 
plifier 60 includes generally a differential amplifier 
70 and common-mode feedback portion 50. FIG. 2 

45 also illustrates common-mode capacitor 55 and 
differential-mode capacitor 56 as previously illus- 
trated. Common-mode feedback portion 50, 
common-mode capacitor 55, and differential-mode 
capacitor 56 function as described previously. Dif- 

50 ferential portion 70 includes generally an input por- 
tion 80, an output portion 100, and a load portion 
110. Differential portion 70 also includes power 
down circuitry for reducing power consumption 
during a power down condition. Such circuitry is 

55 known in the art and is thus omitted from FIG. 2. 

Input portion 80 includes P-channel transistors 
81, 82, and 83. Transistor 81 has a source con- 
nected to V DD , a gate for receiving signal V CMFB , 

3 
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and a drain. Transistor 82 has a source connected 
to the drain of transistor 81, a gate for receiving 
signal V IN _, and a drain connected to a node 84. 
Transistor 83 has a source connected to the drain 
of transistor 81, a gate for receiving signal V, N+I 
and a drain connected to a node 85. Two other 
nodes, 86 and 87, are associated with input portion 
80. In input portion 80, node 86 is connected to 
node 84, and node 87 is connected to node 85. 

Output portion 100 includes a current source 
101, an N-channel transistor 102, a capacitor 103, a 
current source 104, an N-channel transistor 105, 
and a capacitor 106. Current source 101 has a first 
terminal connected to V DD , and a second terminal 
providing signal V 0UT _ thereon. Transistor 102 has 
a drain connected to the second terminal of current 
source 101, a gate connected to node 86, and a 
source connected to V ss . Capacitor 103 has a first 
terminal connected to the second terminal of cur- 
rent source 101, and a second terminal connected 
to node 86. Current source 104 has a first terminal 
connected to V DD , and a second terminal providing 
signal V 0 ut+ thereon. Transistor 105 has a drain 
connected to the second terminal of current source 
104, a gate connected to node 87, and a source 
connected to V ss .Capacitor 106 has a first terminal 
connected to node 87, and a second terminal con- 
nected to the second terminal of current source 
104. 

Load portion 110 includes N-channel transis- 
tors 111-114. Transistor 111 has a drain connected 
to node 84, a gate connected to node 86, and a 
source connected to V ss . Transistor 112 has a 
drain connected to node 85, a gate connected to 
node 86, and a source connected to V^. Transistor 
113 has a drain connected to node 84, a gate 
connected to node 87, and a source connected to 
V ss . Transistor 114 has a drain connected to node 
85, a gate connected to node 87, and a source 
connected to V ss . 

Differential portion 70, like differential portion 
30, is also a Miller-compensated two-stage fully 
differential amplifier. The first stage includes input 
portion 80 and load portion 110, and the second 
stage is output portion 100. However, differential 
portion 70 enhances common-mode stability by 
moving the common-mode pole that would nor- 
mally reside at nodes 86 and 87 to frequencies 
much greater than that of other competing poles in 
the common-mode feedback loop. Thus, the 
common-mode loop is easier to stabilize. This en- 
hancement occurs because load portion 110 re- 
duces the common-mode output impedance at the 
first amplifier stage. 

To analyze the effect of including load portion 
110 in differential portion 70, it is helpful to sepa- 
rately analyze the common-mode and differential 
components of currents flowing into load portion 



110. In the preferred embodiment, the gates of 
transistors 111-114 have the same size. Thus the 
common-mode component of the currents are dis- 
tributed equally through transistors 111-114, mak- 
5 ing the voltages at nodes 86 and 87 substantially 
equal. Since the common-mode voltages at nodes 
86 and 87 are equal, the effective common-mode 
impedance is equivalent to that of a gate-to-drain- 
connected (diode-connected) transistor. 
io The differential component of the current dis- 

tributes in such a way that the currents in transis- 
tors 111 and 112 are equal and opposite to the 
currents in transistors 113 and 114 (which are also 
equal). The differential currents in transistors 111 
is and 112 are equal because transistors 111 and 112 
form a current mirror. Likewise, the differential cur- 
rents in transistors 113 and 114 are equal because 
transistors 113 and 114 form a current mirror. 
Thus, the differential component of the current con- 
20 ducted from node 84 (by transistors 111 and 113) 
is equal in magnitude and opposite in direction to 
that conducted from node 85 (by transistors 112 
and 114). All of the differential component of the 
current flowing into the drain of transistor 111 is 
25 provided by the differential component of the cur- 
rent of transistor 113. Similarly, all of the differential 
component of the current flowing into the drain of 
transistor 114 is provided by the differential com- 
ponent of the current of transistor 112. This in 
30 effect creates a positive feedback, enhancing the 
differential impedance at nodes 86 and 87. Thus, 
the differential impedance looking into nodes 84 
and 85 is very high. 

FIG. 3 illustrates in partial schematic form an- 
35 other embodiment of a differential amplifier with 
common-mode stability enhancement 60' in accor- 
dance with a preferred embodiment of the present 
invention. Differential amplifier 60' includes 
common-mode feedback portion 50 and a differen- 
40 tial portion 70\ FIG. 3 also illustrates common- 
mode capacitor 55 and differential-mode capacitor 
56 as previously illustrated in FIGs. 1 and 2. Dif- 
ferential amplifier 70' includes an input portion 80\ 
output portion 100 as previously illustrated in FIG. 
45 2, and load portion 110\ Differential portion 70' 
also includes power down circuitry for reducing 
power consumption during the power down con- 
dition. Such circuitry is known in the art and is thus 
omitted from FIG. 3. 
so Input portion 80' includes P-channel transistors 

81-83 and 88-91. Elements in common with circuit 
80 of FIG. 2 retain their respective reference num- 
bers. Input portion 80' has four additional transis- 
tors, 88-91. Transistor 88 has a source connected 
55 to V DD , a gate for receiving signal V CMFB , and a 
drain. Transistor 89 has a source connected to the 
drain of transistor 88, a gate for receiving a bias 
voltage labelled "CPBIAS", and a drain connected 
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to node 86. Transistor 90 has a source connected 
to Vqd» a gate for receiving signal V C mfb, and a 
drain. Transistor 91 has a source connected to the 
drain of transistor 90, a gate for receiving bias 
voltage CPBIAS, and a drain connected to node 87. 
CPBIAS is a bias voltage sufficient to bias P- 
channel transistors 89 and 91 into saturation. 

Load portion 110* includes N-channel transis- 
tors 111-114, and N-channel cascode transistors 
115 and 116. Elements in common with load por- 
tion 110 of FIG. 2 retain their respective reference 
numbers. In load portion 110\ transistor 115 has a 
drain connected to node 86, a gate for receiving a 
bias voltage labelled "CNBIAS", and a source con- 
nected to node 84. Transistor 116 has a drain 
connected to node 87, a gate for receiving bias 
voltage CNBIAS. and a source connected to node 
85. CNBIAS is a bias voltage sufficient to bias N- 
channel transistors 115 and 116 into saturation. 

Differential portion 70* is similar to differential 
portion 70, but there are two principal differences 
between the two. First, in load portion 110\ 
cascode transistors 115 and 116 increase the dif- 
ferential output impedance at nodes 86 and 87, 
while not substantially affecting low common-mode 
output impedance as in FIG. 2. Second, transistors 
88-91, in addition to transistor 81, provide a 
common-mode feedback network to change the 
magnitude of the common-mode component of 
current provided into nodes 86 and 87 in response 
to signal V CMFB . 

Amplifiers 70 and 70' enhance common-mode 
stability by moving the common-mode pole at 
nodes 86 and 87 to a frequency much greater than 
that of the other competing common-mode poles 
typically located at the output of the second am- 
plification stage or at the output of amplifier 54. 
The common-mode loop of this amplifier may easi- 
ly be stabilized in two ways. First, giving amplifier 
54 low output impedance broadbands the pole 
(moves the pole frequency to a higher frequency) 
at its output. Second, using a Miller capacitor to 
provide feedback from the second terminal of re- 
sistor 51 to the output of amplifier 54 broadbands 
the pole at the output of output portion 100 and 
forces the pole at the output of amplifier 54 to 
become dominant. 

While the invention has been described in the 
context of a preferred embodiment, it will be appar- 
ent to those skilled in the art that the present 
invention may be modified in numerous ways and 
may assume many embodiments other than that 
specifically set out and described above. For ex- 
ample, circuitry for reducing power consumption of 
the amplifier during a power down mode (not 
shown in FIGs. 2 and 3) is commonly used and 
well-known. Furthermore, FIGs. 1-3 illustrate a 
common-mode capacitor 55 between the second 



terminal of resistor 51 and power supply voltage 
terminal V S s- In other embodiments, differential am- 
plifiers 60 or 60' may appropriately be used when 
a large common-mode capacitance exists between 

5 the second terminal of resistor 51 and some other 
fixed-voltage terminal. Note also that different tran- 
sistor types and different power supply voltages 
may be used. Accordingly, it is intended by the 
appended claims to cover all modifications of the 

10 invention which fall within the true spirit and scope 
of the invention. 

Claims 

rs 1. A differential amplifier (60, 60') with common- 
mode stability enhancement comprising: 

input means (80, 80') for providing first 
and second currents respectively into first (84) 
and second (85) nodes, differential compo- 

20 nents of said first and second currents respec- 

tively proportional to positive and negative dif- 
ferences between first and second input sig- 
nals, a common-mode component of said first 
and second currents proportional to a 

25 common-mode feedback signal; 

differential load means (110, 110') coupled 
to said input means (80, 80'), for converting 
said differential and common-mode compo- 
nents of said first and second currents into 

30 differential and common-mode voltages at third 

(86) and fourth (87) nodes, respectively, and 
for providing a high impedance to said dif- 
ferential component and a low impedance to 
said common-mode component; and 

35 means (50, 100) coupled to said input 

means (80, 80') and to said differential load 
means (110), for providing first and second 
output voltages respectively proportional to 
voltages at said third (86) and fourth (87) 

40 nodes, and for providing said common-mode 

feedback signal in response to a difference 
between a reference voltage and a sensed 
common-mode component of said first and 
second output voltages. 

45 

2. The differential amplifier (60, 60') of claim 1 
wherein said load means (110, 1 10*) com- 
prises: 

a first transistor (111), having a first current 
so electrode coupled to said first (84) node, a 

control electrode coupled to said third node 
(86), and a second current electrode coupled 
to a power supply voltage terminal; 

a second transistor (112) having a first 
55 current electrode coupled to said second (85) 

node, a control electrode coupled to said third 
node (86), and a second current electrode 
coupled to said power supply voltag terminal; 
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a third transistor (113) having a first cur- 
rent electrode coupled to said first node (84), a 
control electrode coupled to said fourth node 
(87), and a second current electrode coupled 
to said power supply voltage terminal; and 5 

a fourth transistor (114) having a first cur- 
rent electrode coupled to said second node 
(85), a control electrode coupled to said fourth 
node (87), and a second current electrode 
coupled to said power supply voltage terminal. w 

3. The differential amplifier (60') of claim 2 
wherein said load means (110') further com- 
prises: 

first cascode means (115) for coupling 75 
said first node (84) to said third node (86) and 
for increasing an output impedance at said 
third node (86); and 

second cascode means (116) for coupling 
said second node (85) to said fourth node (87) 20 
and for increasing an output impedance at said 
fourth node (87). 

4. A differential amplifier (60, 60') with common- 
mode stability enhancement comprising: 25 

input means (80, 80') for providing first 
and second currents respectively into first (84) 
and second (85) nodes, respectively in re- 
sponse to positive and negative differences 
between first and second input signals, and for 30 
adjusting a magnitude of a common-mode 
component of said first and second currents in 
response to a common-mode feedback signal; 

output means (100) coupled to said input 
means (80, 80'), for providing first and second 35 
output signals proportional respectively to vol- 
tages at third (86) and fourth (87) nodes; 

common-mode feedback means (50) coup- 
led to said input means (80, 80') and to said 
output means (100), for sensing a common- 40 
mode voltage at said third (86) and fourth (87) 
nodes, and for providing said common-mode 
feedback signal in response to a difference 
between said common-mode voltage and a 
reference voltage; and 45 

differential load means (110, 110') coupled 
to said input means (80, 80'), for providing 
voltages at said first (84) and second (85) 
nodes proportional respectively to said first 
and second differential currents, and for cou- 50 
plmg said first (84) and second (85) nodes 
respectively to said third (86) and fourth (87) 
nodes, comprising: 

a first transistor (111), having a first current 
electrode coupled to said first (84) node, a 55 
control electrode coupled to said third node 
(86), and a second current electrode coupled 
to a power supply voltage terminal; 



a second transistor (112) having a first 
current electrode coupled to said second (85) 
node, a control electrode coupled to said third 
node (86), and a second current electrode 
coupled to said power supply voltage terminal; 

a third transistor (113) having a first cur- 
rent electrode coupled to said first node (84), a 
control electrode coupled to said fourth node 
(87), and a second current electrode coupled 
to said power supply voltage terminal; and 

a fourth transistor (114) having a first cur- 
rent electrode coupled to said second node 
(85), a control electrode coupled to said fourth 
node (87), and a second current electrode 
coupled to said power supply voltage terminal. 

5. The differential amplifier (60') of claim 4 
wherein said differential load means (110') fur- 
ther comprises: 

first cascode means (115) for coupling 
said first node (84) to said third node (86) and 
for increasing an output impedance at said 
third node (86); and 

second cascode means (116) for coupling 
said second node (85) to said fourth node (87) 
and for increasing an output impedance at said 
fourth node (87). 



6. 



The differential amplifier (60') of claim 3 or 
claim 5 wherein said first cascode means (115) 
comprises a fifth transistor (115) having a first 
current electrode coupled to said third node 
(86), a control electrode for receiving a bias 
signal, and a second current electrode coupled 
to said first node (84). 

7. The differential amplifier (60') of claim 6 
wherein said bias signal biases said fifth tran- 
sistor (115) into saturation. 

8. A differential load (110') for receiving differen- 
tial currents at first (84) and second (85) nodes 
and for providing differential output voltages at 
third (86) and fourth (87) nodes comprising: 

a first transistor (111) having a first current 
electrode coupled to the first node (84) a 
control electrode coupled to the third node 
(86) and a second current electrode coupled to 
a power supply voltage terminal; 

a second transistor (112) having a first 
current electrode coupled to. the second node 
(85), a control electrode coupled to the third 
node (86) and a second current electrode 
coupled to said power supply voltage terminal; 

a third transistor (113) having a first cur- 
rent electrode coupled to the first node (84) a 
control electrode coupled to the fourth node 
(87) and a second current electrode coupled to 
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said power supply voltage terminal; 

a fourth transistor (114) having a first cur- 
rent electrode coupled to the second node 
(85), a control electrode coupled to the fourth 
node (87) and a second current electrode 5 
coupled to said power supply voltage terminal; 

a first cascode element (115) for coupling 
the first node (84) to the third node (86) to 
increase an output impedance at the third 
node (86); and io 

a second cascode element (116) for cou- 
pling the second node (85) to the fourth node 
(87) to increase an output impedance at the 
fourth node (87). 

75 

9. The differential load (11 (V) of claim 13 wherein 
said first cascode element (115) comprises a 
fifth transistor (115) having a first current eiec- 
trode coupled to the third node (86), a control 
electrode for receiving a bias signal, and a 20 
second current electrode coupled to the first 
node (84). 

10. A differential amplifier with common-mode sta- 
bility enhancement (60) comprising: 25 

input means (80) for providing first and 
second differential currents respectively to first 
(84) and second (85) nodes, respectively in 
response to positive and negative differences 
between first and second input voltages, a 30 
magnitude of said first and second differential 
currents proportional to a common-mode feed- 
back signal; 

differential load means (110) for providing 
first and second differential voltages propor- 35 
tional to said first and second differential cur- 
rents, respectively; 

output means (100) coupled to said input 
means (80) and to said load means (110), for 
providing first and second output signals pro- 40 
portional to said first and second differential 
voltages, respectively; and 

common-mode feedback means (50), for 
sensing a common-mode at said first (84) and 
second (85) nodes, and for providing said 45 
common-mode feedback signal proportional to 
a difference between said sensed common- 
mode voltage and a reference voltage; 

said differential load means (110) compris- 
ing: 50 

a first transistor (111) having a first current 
electrode coupled to said first node (84), a 
control electrode coupled to said first current 
electrode thereof, and a second current elec- 
trode coupled to a power supply voltage termi- 55 
nal; 

a s cond transistor (112) having a first 
current electrode coupled to said second node 



(85), a control electrode coupled to said first 
current electrode of said first transistor (111), 
and a second current electrode coupled to said 
power supply voltage terminal; 

a third transistor (113) having a first cur- 
rent electrode coupled to said first node (84), a 
control electrode coupled to said second node 
(85), and a second current electrode coupled 
to said power supply voltage terminal; and 

a fourth transistor (114) having a first cur- 
rent electrode coupled to said second node 
(85), a control electrode coupled to said first 
current electrode thereof, and a second current 
electrode coupled to said power supply voltage 
terminal. 
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